In 2011-2015, at the Rumokai Experiment Station of the Lithuanian Research Centre for Agriculture and Forestry research was carried out with spring wheat on Bathihypogleyi-Calc(ar)ic Luvisol (LVk-gld-w) with predominant silt loam ant clay loam. The main aim was to determine the influence of climate conditions and fertilizer rates calculated by different methods on spring wheat. Five years of research have shown that using the Fertilization Program "Derlius" of the Agrochemical Laboratory at the Lithuanian Research Centre for Agriculture and Forestry, during spring wheat fertilization the nitrogen fertilizers were less consumed by 15.8%, phosphorus by 81.9% and potassium by 41.1% compared with fertilization for obtaining the planned 5 t ha-1 spring wheat grain yield. Also, the studies have shown that climatic conditions in the eastern part of the Baltic Sea greatly affect the yield of spring wheat. The yield of wheat grain and straw, and the number of productive stems correlated with the amount of precipitation and the sum of active temperatures in spring wheat BBCH 21-37 growth stages. A negative correlation was established in the growth stages BBCH 61-89 between higher rainfall and spring wheat yields. The average data from the five years of research showed that the sum of active temperatures during wheat growth increased nitrogen, phosphorus and potassium in the straw, and phosphorus and potassium concentrations in the grain.
INTRODUCTION
Winter wheat occupies large areas in northern and central Europe, but sowing and wintering conditions in the eastern part of the Baltic Sea are often unfavourable due to climate change anomalies. As an alternative to this, spring wheat is rapidly growing. In Lithuania alone, over the past ten years, the area of wheat has increased threefold. Although the yield of spring wheat is lower than that of winter wheat, but fertile, varieties and good agricultural technology conditions allow it to have higher yields from harvesting (Smith et al., 2017) . Because of a weakly developed root system (Narayanan, 2014) , these plants also have difficulty in absorbing nutrients from the soil and are sensitive to short-term droughts. Thus, the weather conditions have a significant impact on the yield and quality of spring wheat (Fischer, 2016) . The weather in the vegetation season can affect to 55% of the yield fluctuation amplitude, and fluctuations in the chemical composition are also affected by the heat and moisture regimes (Campiglia et al., 2015; Mondal et al., 2016) . Additionally, the yields can be significantly increased by fertilization, because the fertilizer affects 22-30% of the yield variation, while crop rotation affects 5-12%, and agricultural engineering affects 12-24% (Hawkesford, 2014; Jiangang et al., 2015) . Mineral fertilizers in the soil boost the levels and concentrations of the nutrient elements (e.g. N, P and K) that are easily available to the plants. However, regardless of the soil's agrochemical composition, intense fertilization with high rates of fertilizers, especially phosphorus and ammonium nitrogen (Bück-ing et al., 2015) , reduces the formation of mycorrhiza (Nouri et al., 2014) . Therefore, plants have difficulties in absorbing water from the soil, especially in times of drought, and decompose fewer amounts of organic compounds (García et al., 2008) . Water is a natural solvent for chemical elements and is the factor that most limits the yields (Parida et al., 2007; Dias, Bruggemann, 2010) . However, the sufficient moisture content increases the mobility of mineral elements through the soil profile (Pranckietienė et al., 2015) , and their uptake by the plants. For example, wheat (Grant et al., 2005) absorbs phosphorus and potassium (Karamanos, 2013; Satyaprakash et al., 2017 ) by diffusion; thus, if the water content in the root zone of plants is reduced, it will begin to experience a shortage of these macronutrients. Drought reduces the nitrogen's mobility and assimilation, slowing down the growth of the plants and promoting the development of chlorosis (Mahieu et al., 2009 ). However, with an abundant and intense precipitation (especially 30 mm or more over a short period), a high content of mineral nitrogen accumulates in the upper soil layer (0-30 cm) and easily migrates into the subsoil or even deeper (Czaban et al., 2014; Žičkienė et al., 2015) . Phosphorus leaching is growing due to application of more than the rational fertilization, and the leaching of potassium occurs because of higher fertilizer rates in wetter soils. Potassium fixation increases in dry soils (Zörb et al., 2014) . So, in order to grow more spring wheat yields and tightening the requirements for nature protection, it is important to correctly assess local meteorological conditions, soil properties and the amount of nutrients present in it. It is also important to evaluate the influence of these factors on different stages of spring wheat growth. Knowing this, it would be possible to apply fertilizer and antistress measures during spring wheat growth.
In the eastern part of the Baltic Sea there are not many conducted field experiments to determine the impact of climatic conditions and fertility rates calculated by different methods on spring wheat. That was our main aim.
MATERIALS AND METHODS
The field experiment was conducted at the Rumokai Experimental Station of the Lithuanian Research Centre for Agriculture and Forestry in 2011-2015.
Soil properties. The experiment was conducted on Bathihypogleyi-Calc(ar)ic Luvisol (LVk-gld-w). The soil texture was composed of silt loam and clay loam. The top of the carbonate horizon and the gleyicity traces were determined at a 60 cm depth. The pH value in arable soil ranged from 6.4 to 7.4. The content of the plant-available P 2 O 5 ranged from 239 to 388 mg kg -1 , and the content of the plant-available K 2 O ranged from 183 to 272 mg kg -1 . In the spring, before sowing wheat in a 0-60 cm layer of the soil, the mineral nitrogen (N min ) level ranged from 28.1 to 110.5 kg ha -1 . Soil samples were collected from a 0-20 cm soil layer for the determination of the pH, plantavailable phosphorus and potassium content during every repetition from 19 March -20 April. At the same time, soil samples were collected from the 0-30 and 30-60 cm soil layers for the determination of mineral nitrogen. The soil pH was determined in a 1 N KCl extraction using the potentiometric method (ISO 10390:2005) ; the plantavailable phosphorus and potassium contents were determined with the Egner-Riehm-Domingo (A-L) method; and the N min content was determined in a 1 N KCl extraction (sample and solution ratio 1:2.5) using the colorimetric method.
The tests were performed with the spring wheat cultivar 'Triso' , with a seeding rate of 4.0-4.5 million ha -1 In this program, the nitrogen rate for obtaining the planned yield is multiplied by the coefficient, which is calculated according to the formula: y = −0.05x + 1.35, where x is the nitrogen concentration N min (mg kg -1 ) in the soil at depths 0-60 cm. The phosphorus and potassium fertilizer rates are calculated according to the formulas, respectively: y = −0.0044x + 1.3795 and y = −0.0045x + 1.517, where x is the concentration of available P 2 O 5 and available K 2 O in the soil at depths 0-20 cm. When available phosphorus and potassium concentrations in the soil are higher than 300 mg kg -1 , phosphorus and potassium fertilizers are not to be used in summer wheat. In the spring, before the crop sowing, all of the estimated phosphorous and potassium rates was spread on the soil; and from the estimated nitrogen fertilizer rate, 40 kg ha -1 of nitrogen was spread on the area in the BBCH 31-32 growth stages of spring wheat, i.e. between 23 May -3 June. Spring wheat was fertilized with ammonium nitrate, potassium chloride and diammonium phosphate.
Statistical analyses of the yield and the plant biometric data were performed using the analysis of variance (ANOVA). The correlation analysis was carried out in order to evaluate the interdependence of the test data, and the tables present only those equations where the correlation coefficient is higher than 0.3.
Weather conditions. The precipitation in 2011-2015 during the growing season for spring wheat was distributed very unevenly, and the average daily temperature was higher than in the periods of 1981-2010 (Table 2 ). In 2011, dry periods prevailed during the spring wheat germination; therefore, the crop germination was extended and uneven. The temperatures during the tillering stage were favourable, and the plants formed the optimal crop density, but at the beginning of milky maturity and during harvesting the ears formed smaller grains because of significant precipitation. Favourable weather for spring wheat germination and tillering prevailed in the beginning of 2012. Therefore, the largest number of productive stems per unit of area was formed throughout this observation period. However, heavy rains and strong wind at the beginning of July wiped out the crops and the spring wheat formed a smaller grain harvest than expected. The year 2013 was characterized by the lowest April average temperature of +5.7°C for the period of 2011-2015, and by very wet conditions. The soil dried poorly and, as a result, the sowing of spring crops started 2-3 days later than in other years. There were several heavy rains in May, and a crust was formed on the surface of the soil which bent the sprouts to the ground. The wet early June also affected the spread of fungal diseases (Blumeria graminis). In July, the weather was favourable for the spring wheat grain formation and maturation. In April 2014, the moisture in the soil was sufficient for the spring wheat germination and tillering. However, in July, because of an uneven distribution of rainfall and higher air temperatures the side stem formations were reduced and the crop thinned out. However, this year the grain yield was the highest during the observation period. In 2015, the weather was favourable for spring wheat sowing and germination. But the end of May and the 1st and 2nd ten-day periods of June were very droughty. So the soil dried up while the wheat crop was rare. This was the only year out of the five years when the crop was rare and the spring wheat formed the least number of productive stems, but the ears had more grains and they were much heavier than in the other years of the study.
RESULTS AND DISCUSSION
In 2011-2015, the average spring wheat yield was 5.24 t ha -1 , and in different years of the study the yield varied from 4.10 to 6.72 t ha -1 . According to the average information for the five years, the fertilization with the NPK for obtaining the planned yield of grain compared with the fertilization according to the results of the soil agrochemical tests did not result in a statistically reliably increase in the yields of the grain and straw: the average grain yield increase was merely 1.1%, while the straw increase was 3.7% (Table 3 ). Other indicators also prevailed within the margin of error: the number of productive stems, the number of grains per ear, the 1 000 grain weight and the crude protein content in the grain. This indicates that the calculation of summer wheat fertilization rates according to the results of the soil agrochemical tests was fully justified; the yield did not decrease, and the grain quality remained the same, while significantly less fertilizer was used for the plant fertilization: nitrogen (N) 15.8% less, phosphorus (P 2 O 5 ) 81.9% less and potassium (K 2 O) 41.1% less. It was unexpected that in 2013, according to the N min studies, only 53 kg ha -1 nitrogen (N) or only 2.8 times less than in the first fertilization variant was used for spring wheat. So, essential grain yields have not diminished. This shows that there are reserves to reduce nitrogen rates, which are ecologically very important. Other European agrochemical laboratories also recommend reducing fertilizer rates when the soil contains many nutrients. However, recommendations are different and get different yields (Fotyma et al., 2008) .
In this experiment, our purpose was not only to assess the influence of the fertilizer calculation methods on the productivity of spring wheat, but also to determine the climatic factors ( Table 4) .
The meteorological conditions influenced the spring wheat grain yield and this is discussed in many publications. Precipitation in the vegetation period can lead to up to 50% less wheat yield (Rodziewicz et al., 2014; Trnka et al., 2014) . In both of the fertilization backgrounds, the spring wheat yields were highly correlated with the precipitation amount in the BBCH 21-37 growth stages (r = 0.713* and r = 0.710*), and this shows that in that period sufficient soil moisture reserves are very important for the production of spring wheat because water scarcity in soil is one of the most commonly occurring stress factors. It has a negative effect on wheat growth and productivity (Rodziewicz et al., 2014; Tammeorg et al., I  II   III  I  II  III  I  II  III  I  II  III  I  II 2014). Furthermore, a reliable negative dependence on the precipitation amount was obtained in the BBCH 61-89 growth stages (r = 0.733* and r = 0.722*), when the wheat was affected by rainfalls in June and July. This indicates that the soil's moisture and the amount of rainfall occurring in this period is very important for spring wheat (Rodziewicz et al., 2014) in this climatic zone, until the end of the plant stem elongation. Meanwhile, at a later stage, when the plant roots are already deeply rooted, the plants often suffer not from a lack of rainfall but from an excessive amount of precipitation during rainfalls.
Higher amounts of active temperatures (≥10°C) at the beginning and the end of the spring wheat growth stimulated an increase in the grain yield. This result was reliably obtained in the two fertilization backgrounds in the BBCH 21-37 (r = 0.776* and r = 0.808*) and BBCH 61-89 (r = 0.468 and r = 0.509) growth stages. It means that higher air temperature of about 20-25°C is considered to be optimum for growth and development in these temperate zones is very important for spring wheat during the germination and tillering stages (Hossain et al., 2012 ) which coincides with the second half of April and the month of May. The second period that is important for spring wheat is after flowering, when rainy and cool weather will worsen the grain ripening process (Yadav, Ellis, 2016) .
The cultivar 'Triso' of spring wheat is not lush; therefore, the average straw yield in the study period of 2011-2015 was 2.11 t ha -1 , and in some years it ranged from just 1.70 to 2.61 t ha -1 . The biggest straw yield in all the years of study occurred in the warm and normally moist year of 2012.
The plant height and biomass yield were partially influenced by the interaction effects with environment, and this influence decreased gradually with the plant development (Dong et al., 2015) . In this experiment the correlation analysis showed that the straw yield strongly correlated with the precipitation amount in the BBCH 37-69 growth stages (r = 0.687*and r = 0.731*) (Table 5). Meanwhile, in the previous BBCH 21-37 growth stages, we did not identify any significant impact from the precipitation; while in the subsequent BBCH 61-89 growth stages the larger amount of precipitation decreased the straw yield (r = 0.676* and r = 0.811**). This shows Table 5 . The correlation between the spring wheat straw yield (t ha that the results are the same as for the grain: humidity is very important for the straw growth in the BBCH 37-69 growth stages, but in later stages higher quantities or an excess of precipitation can increase the risk of plant lodging and the yields are lower. A similar correlation was obtained with the sum of active temperatures (≥10°C), which influenced the straw yield growth in the BBCH 37-69 growth stages (r = 0.739* and r = 0.602) but led to a yield reduction in the BBCH 61-89 growth stages (r = 0.807** and r = 0.710*). We did not receive any correlation between the amount of N min in the soil with mineral nitrogen fertilizers inserted in the soil and the grain yield. The correlation received with straw yields is statistically unreliable.
In the five-year experimental study, we aimed to analyse the effects of the precipitation amount and the sum of active temperatures on various elements of the spring wheat productivity: the number of productive stems, the grain number per ear and the 1 000 grain weight. Precipitation and active temperatures are the main environmental factors responsible for plant growth and development processes (Nakayama et al., 2007) . According to many researchers, plants are more sensitive to moisture shortages in early growth periods (Kawakami et al., 2006 ; Tesfaye et al., 2006). So, in our experiment the most important of them was the precipitation amount (mm), where a correlation between the precipitation amount in the BBCH 21-89 growth stages (x) and the number of productive stems pcs/m -2 (y) was obtained in both of the fertilization backgrounds, with y = 3.1373x -192.7, r = 0.790** and y = 3.6753x -353.46, r = 0.933**, respectively. There was also a correlation be tween the precipitation quantity (mm) in the BBCH 21-37 and BBCH 37-69 growth stages (x 1 and x 2 ), and the number of grain units per ear (y), with y = 0.0202x 1 + 19.453, r = 0.883* and y = 0.0108x 2 + 25.074, r = 0.683, respectively. Finally, a correlation was recorded between the precipitation quantity (mm) in the BBCH 21-37 growth stages (x) and the 1 000 grain weight (y), with y = 0.0264x + 34.078, r = 0.883* and y = 0.0237x + 34.363, r = 0.568, respectively. From this, it follows that spring wheat is sensitive to a lack of moisture during the tillering and stem elongation phases, which can result in a reduced number of productive stems and of grains per ear.
The concentrations of nitrogen, phosphorus and potassium established in crop yields show how these essential nutrients were provided at the end of vegetation. Spring wheat yields did not show the dependence of the concentration of these elements on precipitation during vegetation, and in corn only the phosphorus concentration correlated with the sum of active temperatures (≥10°C), especially in later growth stages (Table 6). This shows that in warmer weather spring wheat can absorb phosphorus better (Waqas et al., 2016) .
Meanwhile, the sum of active temperatures (≥10°C) in the straw not only influenced the increase of phosphorus concentration, but also partly the nitrogen concentration. The potassium concentration decreased at higher temperatures. This can be explained by the fact that in hot weather and dry soils potassium mobility is less, and less of it moves into mobile and plantshaped forms (Brito et al., 2014) .
Summarizing the results of our research and other researchers (Hossain et , it can be argued that spring wheat is very sensitive to moisture scarcity in the tillers and stem elongation stages, which coincides with the end of May and the 1st ten-day period of June. Lithuania has the least rainfall during this period, and in our research for two years out of five this amount has not been consistent with the multiannual average.
Therefore, more attention must be paid to saving the soil moisture reserves before and after sowing. In the summertime, precipitation is distributed very differently in our climate zone. In each research year, more than 40 mm of precipitation dropped from the second half of June, and in 2012 it increased even three times. The calculated correlation shows that such an abundant rainfall had a negative effect on spring wheat. The increasing climate change and the associated anomalies force to look for solutions: selection of summer wheat varieties suitable for humid climates and optimal fertilizer rates in avoiding pollution. The spring wheat yields did not decrease, the quality of grain was the same compared with fertilization for obtaining the planned 5 t ha -1 spring wheat grain yield.
2. Five years of research have shown that spring wheat yields were influenced by climatic conditions in the eastern part of the Baltic during their growth. The yield of wheat grains and straw and the number of productive stems correlated with the amount of precipitation and active (≥10°C) temperatures during the spring wheat growth stages BBCH 21-37. Meanwhile, a negative correlation was found between the precipitation and the spring wheat yield in the wheat growth stages BBCH 61-89.
3. The higher sum of active (≥10°C) temperatures increased nitrogen, phosphorus and potassium in straw, and concentrations of phosphorus and potassium in grains.
